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Objective: To correlate long-term clinical outcome and the results of morphological as well as advanced
biochemical magnetic resonance imaging (MRI) techniques [T2-mapping, glycosaminoglycan chemical
exchange saturation transfer (gagCEST), sodium-23-imaging] in patients after autologous osteochondral
transplantation (AOT) in knee joints.
Method: Nine AOT patients (two female and seven male; median age, 49) had clinical [International Knee
Documentation Committee (IKDC), modiﬁed Lysholm, visual analog scale (VAS)] and radiological long-
term follow-up examinations at a median of 7.9 years (inter-quartile range, 7.7e8.2). Standard
morphological MRI and T2-mapping of cartilage were performed on a 3 T MR unit. Biochemical imaging
further included sodium-23-imaging and chemical exchange saturation transfer (CEST) imaging at 7 T.
The Magnetic resonance Observation of CArtilage Repair Tissue (MOCART) score was used for quanti-
tative assessment of morphological MRI.
Results: Clinical outcome was good with a median modiﬁed Lysholm score of 90. Median VAS revealed 1.0
and median MOCART score 75 points. The difference between native and repair cartilage was statistically
signiﬁcant for all three biochemical imaging techniques. The strongest correlation was found between
the results of the advanced biochemical imaging methods sodium-23 and CEST [r ¼ 0.952, 95% conﬁ-
dence interval (CI): (0.753; 0.992)]. Comparing the results from morphological and biochemical imaging,
a correlation was found between MOCART score and CEST ratio [r ¼ 0.749, 95% CI: (0.944; 0.169)].
Comparing the results from clinical scores with MRI, a correlation between modiﬁed Lysholm and
T2-mapping [r ¼ 0.667, 95% CI: (0.992; 0.005)] was observed.
Conclusion: Long-term clinical outcome in patients 7.9 years after AOT was good, but did not correlate
with morphological and biochemical imaging results except for T2-mapping.
 2012 Osteoarthritis Research Society International. Published by Elsevier Ltd. All rights reserved.Introduction
Magnetic resonance imaging (MRI) is well established as
a marker for diagnosis and therapy monitoring in osteoarthritis
(OA) and after cartilage repair procedures1e3. In addition to imaging
of cartilagemorphology for staging and grading of cartilage lesions4. Marlovits, Währinger Gürtel
; Fax: 43-1-40400-5939.
arlovits).
s Research Society International. Pthe use of parametric MR mapping techniques has become
increasingly important. Quantitative T2-mapping techniques use
the T2 relaxation time values as an indirect marker of cartilage
quality5e11. Focal increases in T2 relaxation times in cartilage have
been associated with matrix damage, particularly a loss of collagen
integrity and an increase in water content12.
As glycosaminoglycans (GAG) are mainly responsible for the
biomechanical properties of articular cartilage13, non-invasive
assessment of cartilage GAG content may be important to describe
cartilage quality after repair procedures. Cartilage GAG content can
be assessed with MRI using delayed gadolinium-enhanced MRI ofublished by Elsevier Ltd. All rights reserved.
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disadvantages, which have been described previously6,15. The
application of chemical exchange saturation transfer (CEST) to
obtain information about cartilage GAGwas ﬁrst introduced by Ling
et al. as another biochemical imaging technique named glycos-
aminoglycan chemical exchange saturation transfer (gagCEST)16.
With CEST, it is possible to accumulate molecule-speciﬁc saturation
information on bulk water protons for the indirect detection of
particular metabolites. Ling et al. identiﬁed the dependence of CEST
imaging on GAG content (gagCEST) in the cartilage through
hydrogen 1(1H) and carbon 13 (13C) one- and two-dimensional
nuclear MR spectroscopy17 and indicated the potential of gagCEST
for MRI.
GAG content in cartilage can furthermore be assessed by using
sodium-23 (23Na) MRI by exploiting the capability of negatively
charged GAG to attract positively charged sodium ions18. As sodium
imaging, when measured at ultra high magnetic ﬁeld (>3 T) has
been demonstrated to directly correlate with GAG content, it can be
used as a reference for other GAG speciﬁc imaging methods19.
Recently, the new gagCEST imaging method was compared to
sodium-23 (23Na) imaging for the ﬁrst time under clinical condi-
tions in patients after cartilage repair surgery [matrix associated
chondrocyte transplantation (MACT) and Microfracturing (MFX)].
This study, performed at 7 T, showed a strong correlation between
the results of these two techniques20. However, it did not include
comparison with T2-mapping, morphological scoring and clinical
outcome.
Besides MACT and MFX, so called “Autologous Osteochondral
Transplantation” (AOT), as another possibility of cartilage repair,
involves transfer of small bone plugs covered with regular hyaline
articular cartilage that are removed from a relatively non-weight-
bearing surface and transferred in a single stage to the chondral
defect. In contrast to MACT there is no second stage operation
necessary. While MFX provokes ﬁlling of the defect with ﬁbro-
cartilage AOT is still the only method transferring genuine hyaline
cartilage directly.
MRI follow-up after cartilage repair surgery can be used for non-
invasive assessment of different quality aspects of repair tissue.
Thus, the aim of our study was to compare long-term results of
morphological [Magnetic resonance Observation of CArtilage
Repair Tissue (MOCART)]21 and biochemical (T2-mapping, gagCEST
and sodium-23-imaging) MRI techniques in patients after AOT and
to correlate imaging results with clinical outcome.
Materials and methods
Patient population
Between January 2001 and September 2004 with approval of the
local ethics committee and with written informed consent obtained
11 patientswere treatedwithAOTat their knee joint. Nine of these 11
patients consented to participate in our study for clinical and radio-
logical long-term follow-up at a median of 7.9 years (IQR: 7.7e8.2).
Two female and seven male patients with a median age of 49 years
(IQR: 44e55) at the time of transplantation were enrolled in the
study. The location of the cartilage defect was the lateral femoral
condyle (LFC) in threepatients and themedial femoral condyle (MFC)
in six patients. All patients were treated for symptomatic cartilage
lesions according to the International Cartilage Repair Society (ICRS)
classiﬁcation 3-41. Themedian defect sizewas 2.7 cm2 (IQR: 1.8e4.7)
and the median number of implanted grafts was 2.0 (IQR: 2.0e3.0).
Exclusion criteria for OCT were rheumatoid arthritis, OA (>grade
1 according to Kellgren and Lawrence22), infections, instability,
deviation of the anatomical leg axis >2, restricted range of motion
>20 and obesity [body mass index (BMI) > 35].Surgical procedure included arthroscopic evaluation and
debridementof thedefect, subsequently treated byanopenapproach.
A recipient holewas createdwith an osteochondral autograft transfer
system (OATS). Osteochondral donor cylinders were harvested from
the relatively non-weight-bearing areas of the knee and transferred
into the prepared articular defect in a press ﬁt manner.
Clinical evaluation
Clinical evaluation included the International Knee Documen-
tation Committee (IKDC) score, the modiﬁed Lysholm score, and
a visual analog scale (VAS) for pain. The IKDC score represents the
symptomatic situation during the last 4 weeks, the level of activity
respectively sports activity and the function of the knee.
The modiﬁed Lysholm score consists of eight items assessing pain
(25 points), instability (25 points), locking (15 points), swelling
(10 points), limp (ﬁve points), stair climbing (10 points), squatting
(ﬁve points), and need for support (ﬁve points) aggregated into
a total score. IKDC andmodiﬁed Lysholm score consist of a pointing
scale with a minimum of 0 and a maximum of 100 points.
An excellent result in the modiﬁed Lysholm score has >91
points, a good between 84 and 90, a fair between 65 and 83 and
a poor one <6523.
MRI acquisition
Morphologic MRI
Standard morphologic MRI measurements were performed on
the 3 T MR unit (Magnetom Tim Trio, Siemens Erlangen, Germany)
using a standard eight-channel knee coil (Invivo, Gainesville, FL,
USA). The protocol included an isotropic three-dimensional (3D)
true fast imaging with steady-state precession (TrueFISP) sequence
with a repetition time (TR) of 7.69 ms, an echo time (TE) of 3.85 ms,
and a ﬂip angle (FA) of 30. The ﬁeld of view (FoV) was 192  192
mm2, the pixel matrix was 384  384 and the voxel size was
0.5  0.5  0.5 mm3. Total acquisition time (AT) was 6:21 min. The
TrueFISP-sequence was obtained for the whole knee in the coronal
plane and reformatted in the axial and sagittal plane (multiplanar
reconstruction). Furthermore, a coronal proton-density weighted
(PDw) fast spin-echo (FSE) sequence with fat suppression (TR,
4250 ms; TE, 27 ms; FA, 180; FOV, 150  150 mm2; matrix size,
384  384; voxel size, 0.4  0.4  2.0 mm3; TA, 02:33 min) and
a sagittal PDw-FSE sequence without fat suppression (TR, 2130 ms;
TE, 36 ms; FA, 180; FOV, 120  120 mm2; matrix size, 448  448;
voxel size, 0.3  0.3  2 mm3; TA, 05:22 min) were obtained. A T2-
weighted FSE sequence (TR, 5090 ms; TE, 12 ms; FA, 180; FOV,
150  150 mm2; matrix size, 448  448; voxel size,
0.4  0.4  3.0 mm3; TA, 05:52 min) and a T1-weighted spin-echo
(SE) sequence (TR, 600 ms; TE,12 ms; FA, 90; FOV,150 150mm2;
matrix size, 448  448; voxel size, 0.4  0.3  3.0 mm3; TA,
02:48 min) completed the morphological MR-protocol.
T2-mapping
T2-mapping was also performed on the 3 T MR unit. The T2
relaxation times were obtained from T2 maps that were recon-
structed using a multi-echo, SE technique with a TR of 1200 ms. Six
TEs were collected (11.9 ms, 23.8 ms, 35.7 ms, 47.6 ms, 59.5 ms, and
71.4 ms). Knees were imaged in the sagittal plane and 14 slices in
each sequence were used. A FOV of 140  140 mm2, a 320  320
pixel matrix, and a slice thickness of 1.0 mmwere used resulting in
an in plane resolution of 0.6  0.6 mm2. Total scan time was 4 min
and 4 s. Maps were reconstructed using software incorporated in
the clinical scanner (Syngo, Siemens, Erlangen, Germany).
Table I
Patient individual scores of MOCART variables
Patient # Degree of repair
and ﬁlling of
the defect
Integration to
border zone
Surface of
the repair
tissue
Structure of
the repair
tissue
Signal intensity of the
repair tissue
Subchondral
lamina
Subchondral
bone
Adhesions Effusion Max
score
Dual T2-FSE 3D-TrueFISP
01 10 15 5 0 5 5 5 0 5 5 55
02 20 15 10 5 15 15 5 0 5 5 95
03 20 10 10 5 15 15 0 0 5 5 85
04 10 5 0 0 5 5 0 0 5 5 35
05 20 15 5 5 15 15 5 0 5 0 85
06 10 10 5 5 15 15 5 0 5 5 75
07 20 10 5 5 15 15 0 5 5 5 85
08 10 5 5 0 5 5 0 0 5 0 35
09 10 10 5 5 15 15 0 0 5 5 70
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whole-bodyMR scanner (Siemens Healthcare, Erlangen Germany).
A sodium-only, 15-channel transmit/receive knee coil (QED,
Quality Electrodynamics LLC, Cleveland, OH) and a 28-channel
proton knee coil were used (QED, Quality Electrodynamics LLC,
Cleveland, OH).Sodium imaging
To acquire a sodium signal from the articular cartilage, a 3D-
gradient echo (GRE) sequence optimized for sodium imaging was
used. The length of the excitation pulse was set to 970 ms to avoid
exceeding the speciﬁc absorption rate limit. Theparameters of the3D-
GRE sodium sequence were set as follows: TE, 7.71 ms; TR, 17.0 ms;
FOV, 180  180 mm2; slice thickness, 3.0 mm; FA, 30; 13 averages;Fig. 1. It shows patient two, 9.4 years after ACT at the MFC.
(A): Morphologic proton-density (PDw) FSE image.
(B): Graphical overlay with T2 map. Colorbar represents relaxation times in [ms]/ higher
(C): Graphical overlay with gagCEST image. Colorbar represents gagCEST asymmetries in [%
(D): Graphical overlay with sodium image. Colorbar represents the sodium SNR values/matrix, 256  256 pixels. The total measurement time for sodium
imaging, including FA calibration and localizers, was about 32 min24.gagCEST imaging
For gagCEST imaging, a series of ﬁve Gaussian-shaped radio-
frequency pulses with a duration of 100 ms and an interpulse delay
of 100 ms followed by gradients in x, y, and z directions to spoil
residual magnetization was applied to saturate proton resonances
at variable offset frequencies on each spectral side of the bulk water
resonance. The applied saturation power of one pulse series was
0.8 mT, expressed as continuous-wave power equivalent. After
radiofrequency pre-saturation, image readout was performed with
a 3D radiofrequency-spoiled GRE sequence with an acceleration
factor of two. Imaging parameters were as follows: TR/TE, 7.3/values ¼ more water, disturbed collagen architecture.
]/ lower values, less PG content.
lower values, less PG content.
Fig. 3. gagCEST asymmetry values measured in repair tissue and native tissue of
patients. Native tissue exhibited higher values in all patients indicating increased
cartilage GAG content compared to repair tissue.
I. Krusche-Mandl et al. / Osteoarthritis and Cartilage 20 (2012) 357e3633603.16 ms; FOV, 146  180 mm2; voxel size, 0.7  0.7  3.0 mm3; FA,
5; AT, 14:34 min20.
Image analysis
For morphological and ROI analysis all MR-data sets were
transferred to a freeware JiveX imaging viewer (VISUS Technology
Transfer GmbH, Bochum, Germany).
From the morphological data, the MOCART score21,24,25 with
a maximum of 100 points was derived by the senior author (ST;
24 years of experience inmusculoskeletal imaging) in consensuswith
a traumasurgeon (IK-M). Individualparametersof the scoreare shown
in Table I. Subsequently, a ROI analysis was performed on sagittal T2
maps, sodium images, and CEST-maps for the cartilage repair tissue
and a healthy reference cartilage by a reader (SA)with several years of
experience in ROI analysis. The observer was blinded to the results of
themorphological grading by the senior author, however, ROI analysis
was performed side by side with morphological images to ensure
correct placement of ROIs aswell as conﬁrmation of healthy reference
cartilage. On sodium images, additionally, three equal ROIs were
placed into the signal-free area tomeasure thenoise.Allmeansignal to
noise ratio (SNR) values for repair cartilage and reference cartilage
were calculated as mean signal intensity in the ROI divided by the
mean standard deviation of three ROIs selected in the signal-free area.
Statistical analysis
Due to the low number of statistical samples, all measures were
expressed as median values with their respective inter-quartile
ranges (ﬁrst quartile e third quartile). Additionally, 95% conﬁ-
dence intervals (CIs) are described for median values obtained from
analysis of scoring systems. The ratios for eachMR parameter (CEST
asymmetry, sodium SNR, as well as T2) were calculated as a ratio of
values in native to those in repair cartilage. To evaluate the corre-
lations between individual MR parameters and morphological and
clinical scores, the Spearman rank correlation coefﬁcient (r) and
corresponding 95% CIs were calculated. For the difference of MR
parameters between native and repair site of the cartilage, the
Wilcoxon signed-rank test was used. P-values less than 0.05 were
considered statistically signiﬁcant.
Results
Biochemical imaging
Regarding the MR parameters measured in the patients, the
median of T2 values for native cartilage was 56.8 ms (IQR:Fig. 2. T2 relaxation times measured in repair and native cartilage of patients. All
patients exhibited higher T2 values in the repair tissue, which is a sign of increased
relative water content as well as an impairment of the collagen matrix structure.55.7e69.4), and 66.2ms (IQR: 58.3e72.6) for repair cartilage (Figs.1
and 2). This difference was statistically signiﬁcant (Wilcoxon,
P ¼ 0.0057). The median of CEST asymmetry in native cartilage was
5.3% (IQR: 5.3e7.6) and 3.9% (IQR: 3.6e4.5) in repair cartilage
(Fig. 3). This difference was statistically signiﬁcant (Wilcoxon,
P ¼ 0.0012). The median of sodium SNR in the native cartilage was
22.8 (IQR: 20.3e28.4) (Fig. 4). In the repair cartilage themedianwas
14.3 (IQR: 11.9e17.8). This difference was again statistically signif-
icant (Wilcoxon, P ¼ 0.0005). Imaging samples of patient ﬁve are
given in Fig. 5.
Morphological imaging
The MOCART score revealed a median value of 75.0 [IQR:
55.0e85.0, 95% CI: (55; 85)]. The individual scores of MOCART
variables are summarized in Table I.
Clinical scores
IKDC median was 77.0 [IQR: 58.6e81.6, 95% CI: (58.62; 80.46)],
modiﬁed Lysholm median revealed 90.0 [IQR: 85.0e95.0, 95% CI:
(85; 93)] and VAS median 1.0 [IQR: 0.0e4.0, 95% CI: (0; 3)] points.
Individual scoring parameters are summarized in Table II.Fig. 4. Sodium SNR values measured in repair tissue and native tissue of patients.
Similarly to gagCEST, native tissue exhibited higher values in all patients also indi-
cating higher GAG content compared to repair tissue.
Fig. 5. It shows patient ﬁve, 8 years after OCT at the MFC.
(A): Morphologic proton-density (PDw) FSE image.
(B): Graphical overlay with T2 map. Colorbar represents relaxation times in [ms]/ higher values ¼ more water, disturbed collagen architecture.
(C): Graphical overlay with gagCEST image. Colorbar represents gagCEST asymmetries in [%]/ lower values, less PG content.
(D): Graphical overlay with sodium image. Colorbar represents the sodium SNR values/ lower values, less PG content.
Table III
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The strongest correlation between MRI parameters was found
between sodium SNR ratios and CEST asymmetry ratios [r ¼ 0.952,
95% CI: (0.753; 0.992)]. The results of Spearman correlation analyses
are summarized in Table III. Comparing biochemical and morpho-
logical MRI parameters, a statistically signiﬁcant correlation was
only observed between CEST ratio and MOCART score [r ¼ 0.749,
95% CI: (0.944;0.169)]. The negative sign in this case means that
higher MOCART scores correspond to smaller ratios (native/repair),
which indicates a smaller difference between native and repair
cartilage. Concerning MRI parameters and clinical scores, only
a correlation between T2 ratios and modiﬁed Lysholm [r ¼ 0.667,
95% CI: (0.922; 0.005)] was found. The summary of correlation
analysis between individualMR parameters can be found in Table III
and between MR parameters and clinical scores in Table IV.Table II
Individual scoring parameters
Patient # MOCART IKDC Mod Lysholm VAS
1 55 80.5 85 0
2 95 77.0 99 0
3 85 40.2 67 5
4 35 18.4 49 7
5 85 58.6 98 4
6 75 62.1 93 3
7 85 85.1 88 1
8 35 90.8 90 0
9 70 81.6 95 0Discussion
Biochemical assessment of cartilage quality has already been
performed using sodium imaging and gagCEST in patients after
MACT and MFX20,24. However, none of these GAG sensitive tech-
niques, which do not require administration of contrast agent, have,
to our knowledge, beenused in the assessment of patients afterAOT.
AOT is an option for the treatment of chondral and osteochon-
dral defects of limited size. In vitro data suggest that at least
initially, osteochondral grafting may restore normal biomechanical
parameters26.
Horas et al. reported in their prospective trial 2 years after
osteochondral cylinder transplantation no histomorphological
differences between the osteochondral transplants and theThe cross-correlation table between individual MR parameters
CEST ratio T2 ratio MOCART
Sodium ratio r 0.952* 0.524 0.687
CI [0.753; 0.992] [0.287; 0.897] [0.938; 0.035]
N 8 8 8
CEST ratio r 0.433 0.749*
CI [0.324; 0.852] [0.944; 0.169]
N 9 9
T2 ratio r 0.460
CI [0.861; 0.294]
N 9
The ratios were calculated as the fraction of native and repair cartilage, r is the
Spearman correlation coefﬁcient, CI is the 95% CI, N is the number of samples.
* Means a correlation.
Table IV
The correlation between MR parameters and clinical scores in AOT patients
Sodium ratio CEST ratio T2 ratio MOCART
IKDC r 0.238 0.050 0.233 0.136
CI [0.561; 0.807] [0.635; 0.691] [0.777; 0.510] [0.734; 0.580]
N 8 9 9 9
mod. Lysholm r 0.214 0.467 0.667* 0.511
CI [0.798; 0.578] [0.287; 0.854] [0.922; 0.005] [0.232; 0.877]
N 8 9 9 9
VAS r 0.152 0.279 0.226 0.040
CI [0.774; 0.619] [0.796; 0.473] [0.515; 0.774] [0.641; 0.686]
N 8 9 9 9
Morphological MOCART, IKDC, modiﬁed Lysholm and VAS. r is the Spearman correlation coefﬁcient, CI is the 95% CI, N is the number of samples.
* Means a correlation.
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a clearly lower mean age of 35 years27 compared to our patients,
whereas a higher mean age of 49 years possibly inﬂuenced our
outcome. In contrast, our results imply biochemical inferiority of
osteochondral plugs since all biochemical imaging methods
revealed signiﬁcant difference between native and repair tissue,
although this was not conﬁrmed by our good clinical outcome.
GagCEST and sodium imaging both indicated reduced GAG content
in repair sites compared to native cartilage, which is conﬁrmed by
a correlation between the results from both methods.
Furthermore, T2-mapping, with increased T2 relaxation times in
repair tissue compared to reference cartilage, implied a stronger
anisotropy of the collagen matrix and increased water content in
respective cartilage areas compared to native reference. Our
statistically signiﬁcant increased T2 relaxation times of repair
tissue in comparison to native cartilage are in good agreement with
results from a study published by Salzmann et al.28, which was
performed at 1.5 T. In contrast, they described a mean modiﬁed
Lysholm score after AOT of 66.8 points (90 points in our study),
although it was determined in a younger collective, mean
(33.9  7.5), compared to our study group [median age of 49 years
(IQR: 44e55)].
In a study of Shirai et al., using the dGEMRIC technique,
a signiﬁcantly lower GAG content within the AOT plugs compared
to native tissue was also described 12 months after surgery.
However, no signiﬁcant change of GAG content over follow-ups at
3, 6, and 12 months was detected in their study29.
Gudas et al. compared AOT and MFX in a prospective random-
ized study in young athletes and described signiﬁcant superiority of
AOT over MFX. Twelve months after surgery the incorporation of
the osseous component was completed in 84% in their AOTgroup30,
compared to our collective where the subchondral bone showed
evidence of edema, granulation tissue, cysts or sclerosis in 89%
(Table I). The thickness of the repair tissue appeared the same as
that of the adjacent cartilage in 68% in their AOT collective30. We
found the degree of repair and ﬁlling of the defect complete in only
44%, while an incomplete ﬁlling, still covering more than 50% of the
adjacent cartilage, was detected in 56% (Table I). None of the
patients treated by Gudas et al. had undergone prior surgery to the
affected knee, while our collective previous surgery included
meniscal surgery in 33%, anterior cruciate ligament reconstruction
in another 22%, MFX in 22% and arthroscopic debridement in 11%.
Further, Gudas performed all procedures arthroscopically, while
our patients were treated by an open approach, which possibly
inﬂuenced our outcome. In the study published by Gudas et al. no
detailed MRI evaluation criteria are speciﬁed, nor is the ﬁeld
strength stated. Thus the comparability of these two studies is
limited.
A common complication in AOT is migration of the osteochon-
dral grafts within the recipient site, which may cause reduction ofthe available cartilage thickness. This poses a problem for
biochemical cartilage MRI techniques, which are limited due to
their spatial resolution. In the present study this problem neces-
sitated reevaluation of one patient in order to provide appropriate
ROI placement in the repair cartilage. Additionally, migration of the
grafts may also lead to a mechanical damage of cartilage, which
may be reﬂected in our data by the correlation between the
MOCART score and biochemical MRI. The correlation revealed that
grafts with a lower MOCART score also showed larger differences
between repair and native tissue indicating a signiﬁcantly reduced
GAG content in the repair site. The conclusions obtained in this
study are limited due to the small number of patients examined.
However AOT is not as frequently performed asMACTorMFX at our
institution, thus for long-term follow-up evaluation our study
group size was reasonable. No histological correlation was avail-
able, since rearthroscopy was not necessary in any of our patients.
Moreover, AOT results were not compared to long-term results of
other cartilage repair techniques as MACT or MFX.Conclusion
At an average of 7.9 years follow-up, clinical outcome after AOT
in the knee joint was good. However, the clinical outcome did not
correlate with the long-term results of MRI, except for the T2 ratios
and the modiﬁed Lysholm score. There was good correlation
between morphological and biochemical MRI results with respect
to MOCART score and CEST ratio. Future studies, with even longer
follow-up, might show better correlation between biochemical MRI
and clinical outcome as biochemical changes might precede clinical
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